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Radiation  Effects  on 
AIGaAs/GaAs  Solar  Cells 
Using  0.9  — 3,0  MeV  Protons  and 
1.0  — 1.4  MeV  Electrons 


1.  INTRODUCTION 

In  order  to  evaluate  the  applicability  of  AlGaAs  for  use  as  a solar  cell  mate- 
rial, information  is  needed  on  its  sensitivity  to  the  radiation  that  they  would  be 
exposed  to  in  space.  To  this  end  AlGaAs  solar  cells  were  exposed  to  1.  0 and 
1.4  MeV  electrons,  and  0.  9 and  3.0  MeV  protons.  The  electron  fluences  ranged 

from  1 X 10^^  to  3 X 10^®  electrons  cm”^,  and  the  proton  fluences  ranged  from 
10  12  -2 
5 X 10  to  2.  7 X 10  protons  cm  . 

2.  EXPERIMENTAI. 

Cells  were  fabricated  by  conventional  LPE  processes,  where  the  p-type 
AlGaAs  (AlAs  - 0.80)  was  grown  on  an  n-type  GaAs(lll)B  substrate.  During 
growth,  the  p-dopant  diffused  into  the  n-layer  to  form  a p-n  junction  approximately 

0. 3  to  0.  8 micron  deep  in  the  GaAs.  Doping  densities  of  the  p-AlGaAs  -r  n-GaAs 

18  -8  17  -3 

substrate  were  3 X 10  cm  and  8 X 10  cm  , respectively.  A p-type  GaAs 

layer  was  grown  on  top  of  the  AlGaAs  in  order  to  facilitate  contacting,  and  later 

removed  by  a selective  etch  using  the  contact  grid  as  a mask.  Cell  area  was 
2 

1.  613  cm  . These  cells  were  not  optimized  for  air  mass  zero  (AMO)  performance, 
(Received  for  publication  29  September  1977) 
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since  the  AlGaAs  were  generally  too  thick,  reducing  the  blue  response.  SiOg 
deposited  to  a thickness  of  750  A was  used  as  an  antireflection  coating.  AMO 
efficiencies  were  10-12  percent.  Proton  Irradiation  experiments  were  conducted 
at  the  Van  de  Graaff  facility  at  RADC/ET,  Massachusetts.  After  each  Irradiation 
to  a given  fluence,  the  I-V  curve  was  measured  using  an  AMO  solar  simulator  and 
a tungsten  lamp  as  light  source.  Proton  energies  of  0.  9 and  3 MeV  were  used,  up 
to  maximum  fluences  of  5 X 10^^  p/cm^  and  3 X 10^^  p/cm^,  respectively. 

Electron  bombardment  was  carried  out  at  the  Dynamitron  accelerator  at 
RADC/ET,  Massachusetts.  Electron  energies  of  1 and  1.4  MeV  were  used  up  to 

1 R 9 1 R 2 

maximum  fluence  of  3 X 10  e/cm  and  3 X 10  e/cm  , respectively.  AMO 
data  were  taken  using  Spectrolab  solar  simulators  at  these  locations.  All  meas- 
urements were  taken  at  25°C. 

After  initial  characterization,  all  samples  were  evaluated  for  radiation 
induced  changes  in  their  current -voltage  (i-v)  characteristic  curves  using  both  a 
solar  simulator  at  AMO  and  also  a tungsten  lamp.  After  each  tungsten  run,  the 
tungsten  intensity  was  adjusted  so  as  to  bring  the  short  circuit  current  back  to 
what  it  was  before  any  irradiation  (Igj.Q)*  In  addition  after  the  final  irradiation, 
the  spectral  response  was  determined  for  each  cell.  The  individual  irradiation 
procedures  were  as  follows. 


3.  ELECTRONh 

The  electron  irradiations  were  made  using  a 1.  5 MeV  Dynamitron  electron 

accelerator.  Two  samples  each  were  mounted  on  either  side  of  the  aperture  of  a 

Faraday  cup  so  that  all  fluences  were  measured  directly.  The  cells  were  open 

circuited  during  the  irradiation  and  the  exposures  werd  carried  out  at  room  tem- 

12  -2  -1 

perature  in  air.  The  electron  flux  was  approximately  10  electrons  cm  s 
Two  energies  were  used,  1.0  and  1.4  MeV. 


4.  PROTONS 

A 3.  0 MeV  Van  de  Graaff  accelerator  was  used  for  the  proton  exposures. 
Because  of  the  short  range  of  protons  these  experiments  were  carried  out  in 
vacuum,  one  cell  at  a time.  Each  cell  was  mounted  in  the  center  of  a Faraday 
cup  which  was  part  of  the  vacuum  system.  A collimator,  electrically  isolated 
from  the  Faraday  cup,  defined  the  exposure  area.  The  Van  de  Graaff  is  equipped 
with  a beam  sweeping  device  which  leads  to  an  exposure  uniformity  of  better  than 
10  percent.  Proton  flux  levels  were  10^®  protons  cnr»"^  s*^,  aijd  runs  were  made 
open  circuited  at  0,  9 and  3.  0 MeV. 
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Figures  1-8  give  the  individual  I-V  curves  as  a function  of  fluence  using  the 
solar  simulator  at  AMO.  Figures  9-16  show  tungsten  lamp  data  for  the  same 


exposures.  Figures  17-21  illustrate  the  effect  of  increasing  the  tungsten  lamp 
intensity  so  as  to  bring  the  cell  output  current  back  to  its  preirradiation  value 
(the  I case).  Contact  problems  were  encountered  with  3 cells.  Pertinent  data 

SCO 

from  Figures  1-16  are  given  in  Tables  1-8,  including  the  incomplete  data  for  the 
three  cells  with  contact  problems.  The  output  power  data  is  shown  in  Figures  22- 
26.  After  two  weeks,  the  cells  were  checked  for  annealing.  None  was  observed. 
Spectral  response  data  are  shown  in  Figures  27-30. 


6.  SUMMARY  AND  DISCUSSION 

Solar  cells  of  p-AlGaAs/n-GaAs  were  subjected  to  0.9  and  3 MeV  proton 
radiation,  and  1 and  1.4  MeV  electron  radiation.  Values  of  critical  fluence  0^  at 
which  the  output  power  was  reduced  by  25  percent  were  determined.  As  expected 
protons  with  energies  of  0.  9 MeV  caused  the  most  severe  degradation,  and  a 
0^  = 4 X 10^°  p/cm^  was  determined.  Fortunately  because  of  the  short  range  of 

low  energy  protons,  this  type  of  radiation  can  be  protected  against  by  cover  slips. 

ll  2 

For  3 MeV  protons,  0„  = 5 X 10  p/cm  . 

c 14  2 

Critical  fluences  for  1.4  MeV  electrons  were  7-9  X 10  e/cm  . A total  of 

five  cells  were  irradiated  at  electron  energies  of  1 MeV.  0^  varied  between 
7 X 10^-  and  7 x 10^®  e/cm^.  At  fluences  <10^^  e/cm^,  the  relative  cell  para- 
meters followed  the  characteristic  radiation  equation.  At  fluences  greater  than 
this  the  relative  parameters  varied  linearly  with  ln0.  as  did  the  relative  diffusion 
length. 

These  results  show  that  the  radiation  resistance  of  AlGaAs/GaAs  solar  cells 
is  equal  to  or  better  than  that  observed  in  conventional  and  violet  Si  cells  for  all 
the  radiation  fluxes  investigated  here,  except  0.  9 MeV  protons.  In  the  case  of 

1 e p 

1 MeV  electrons,  the  value  of  0^  = 7 X 10  e/cm  is  believed  to  be  the  highest 
observed  for  conventional  cells.  The  spread  in  0^  we  observed  is  thought  to  be 
caused  by  variations  in  junction  depth,  which  can  be  optimized.  So  even  for  1 MeV 
electrons,  cells  of  AlGaAs/GaAs  are  superior  to  those  of  Si. 

Computer  calculations  show  that  the  variation  in  1^^,  as  a function  of  irradia- 
tion level  is  sensitive  to  junction  depth.  Thus  a shallow  junction  solar  cell  should 
be  more  radiation-resistant  than  the  experimental  data  shown  here,  since  does 
not  change  as  rapidly  with  decreasing  diffusion  length  as  in  a deep  junction  device. 

Calculations  also  demonstrated  that  the  AMO  efficiency  increases  with  AlAs 
concentration  in  the  AlGaAs  for  a given  thickness.  This  will  allow  operation  in 


concentrated  sunlight  in  the  space  environment  because  the  sheet  resistance  of 
the  AlGaAs  can  be  reduced  without  substantially  degrading  performance  through 
optical  absorption  of  high  energy  protons  in  the  contact  layer. 

Combining  the  radiation  resistance  characteristics  with  the  ability  to  obtain 
AMO  efficiencies  of  16  percent,  and  potentially  18  percent,  makes  the  AlGaAs/ 
GsiAs  solar  cells  attractive  for  space  applications. 
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Figure  21.  Power  Output  of  Cell  No.  3-2-76A, 
Txmgsten  Lamp,  Case 
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Figure  27.  Spectral  Response  Curve  for  a Solar  Cell  Figure  28.  Spectral  Response  Curve  for  a Solar  Cell 
Irradiated  With  0.  9-MeV  Proton  Irradiated  With  3-MeV  Protons 


Figure  29.  Spectral  Response  Curve  for  a Solar  Cell  Figure  30.  Spectral  Response  Curve  for  a Solar  Cell 

Irradiated  With  1-MeV  Electron  Irradiated  With  1.4-MeV  Electrons 
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